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THI CLOUD RING ON BUFFALO MOUNTAIN, (3oLO- 
RBDO. 

By Prof. R. DEC. WARD, Harvard University, dated Augost 3, 1903. 

In his Philosophy of Storms (1841, foot note, pp. XXIV and 
XSV), Espy quoted a letter from Caleb Williams, dated De- 
cember 20, 1839, describing the curious cloud which he 
had observed in 1815 on the island of Hawaii. This cloud, 
due to the combined action of the diurnal sea breeze and the 
upcast valley breeze, was observed to form soon after the sea 
breeze set in, a t  about 9 in the morning, and later surrounded 
‘‘ The lofty conical mountain in that island, in the form of a 
ring, as the wooden horizon surrounds the terrestrial artificial 
globe.” The mountain stood in bold relief, and from where 
the ship lay the summit could always be seen above the cloud. 
This reference to the cloud ring of Hawaii has often been 
quoted, and the cloud has become, as it were, a “ stock es- 
ample ” of this kind of thing. 

One of the writer’s students during the past winter (Mr. L. 
V. Pulsifer, of the class of 1903, HarvardCollege), contributed 
to the discussions on clouds which were held by the class in 
meteorology, the following account of a cloud ring which he 
had observed in Colorado during the summer of 1901. As 
these are peculiarly interesting clouds, the description may lie 
worth quoting in the columns of the REVIEW. 

Buffalo is a huge, roughly conical mountain, situated near the town of 
Dillon, Summit County, &lo. The general valley level at this point is 
about 8000 feet above the sea, and the mountain has a height of a littlr 
over 14,000 feet. I spent the suinmer of 1901 at Dillon, and on hot, still 
days noticed the formation of a cloud ring on Buffalo. This ring ap- 
peared at about noon, and was always at about the same height on the 
mountain side, roughly between timber line and snow line. The ring mas 
not always perfect, but there mas usually an incomplete ring even when 
the whole circuit was lacking. On the days when the ring was incom- 
plete, the patches of cloud which did form were over the snow-filled 
gulches on the mountain side. During the middle of duly and the first 
part of August the ring was best shown. * * * I do not recall 
whether this cloud ring ever reached a sufficient size to cause precipita- 
tion. 

ON OURVES REPRESENTING THE PATHS OF AIR IN A 
SPECIAL TYPE OF TRAVELING STORM. 

It usually disappeared late in the afteruoon. 
_ _ _ ~  

By W. N. SHIW, Sc. I)., F. R. R., Secretary of the Neteorologieal Cooucil. dated August 
25, 1903. 

The instantaneous motion of air in a traveling storm may 
be regarded as approximately tangential to a series of concen- 
tric circles described about the barometric minimum as centre 
and representing isobaric lines. I n  any actual case 6here may 
be more or less ‘ I  incurvature ” of the air so that the lines of 
instantaneous motion are spirals instead of circles, and cross 
the isobars inwards. Moreover, in reality the isobaric lines 
themselves may be only more or less rough approximations to 
circles. 

If the center of the storm (the barometric minimum) travels, 
the actual path of an isolated mass of air will be that describsd 
by a point which rotates with appropriate incurvature about 
a moving center. The real path will thus be a curve of no 
simple type and it will vary according to the speed a t  which 
the center travels. It can not be arrived a t  by superposing 
upon a simple rotational or  spiral motion, a motion of transla- 
tion equal to that of the center, because such superposition 
would alter the distribution of instantaneous velocities which 
represents the real instnntaneous motion. 

It is not dificult to calculate the actual paths for a special 
type of traveling storm making certain assumptions as to the 
velocities of the wind in different parts of the storm and the 
velocity of the center. As there are two kinds of motion to be 
considered, namely, that of the center, ancl that of the air 
masses, I propose, in order to avoid confusion, to limit the use 
of the word path to the motion of the center and to call the 
lines along which air travels ‘‘ trajectories ” of air. 

The special case I propose to deal with is that in which the 

speed of the air is uniform over the area of the storm, although 
the direction varies from point to point. I shall also suppose 
the isobars to be true circles and the wind directions tangen- 
tial to the isobars. Lastly the center will be regarded as de- 
scribing a straight path with the same speed as the wind a t  
any point. Whether this ideal state of things represents a pos- 
sible reality is a matter for subsequent consideration. 

Upon the hypothesis laid down, a <‘ trajectory ” is the curve 
described by a point rotating with uniform linear speed about 
a center moving with the same speed in a given direction. 
Take the path of the center as the x-axis of Cartesian coordi- 
nates and denote by 6, the angle bstween the tangent to the 
trajectory and the positive direction of the path. The expres- 
sion of the kinematical conditions must represent the fact 
that the center of curvature lies on the axis of x and moves 
along it with the same speed as the point along the trajectory. 
Expressing this condition we get the equation 

‘ 

de 
ds 

y sec* 6 + sec 8 = 1. 

The same equation is obtained by equating the step along 
the curve to the step of the foot of the normal d o n g  the axis. 
Int,egrating the equation we get 

c cos H 
(1 - cos e)’ Y = 

being an integration constant. 
This equation represents a curve (see fig. 1) with a double 

I 

z 

FIG. l.-C‘alculatcil trjectnries for the motion of air in a traveling circu- 
lar storm when the velocity of the center ib niimerirnlly equal tn the wind 
vrlocity (asmmed uniform j in the htorm. SS. Initial pmitions of a 
wries of yarticlrs ant1 nf the storm center. YT. Simultaneous position 
of the kame particlefi when they lie on a circular ibobar. ZZ. Final 
positions o f  the bailie paiticleb and of the htorm center. 

point and a symmetrical loop above it. Taking (I to be the 
ordinate of the top of the loop (8 = 180), we get c = - 2n and 
y + 2n cos t, / (1 - cos 8) = 0 as the equation to the curve. 

Substituting for cos 8 and integrating again we get 
((I - y) ( 2 a  + y)’ = 9 a.r’ 

for the Cartesian equation of the curve when the axis of y is 
the line of symmetry of the loop. 

Tlie series of curves thus obtained for the trajectories is 
that represented in fig. 1;  the intercepts on the axis of .I- are 
+ 4 / 3a, ancl on the axis of y, ( I ,  and 2(1, representing the top 
of the loop and the double point, respectively. The curves 
of the family fire similar in shape and are derivable one from 
the other by altering proportionally all linear dimensions. 
The one exception is the limiting case when a = 0 when the 
curve becomes a straight line parallel to the axis of x a t  an 
arbitrary distance from that axis and would represent the ob- 
vious result of a mind traveling parallel to the path of the 
storm at  a fixed distance from the path. 

It will thus be seen that the trajectories of air forming a 
revolving storin under the conditions described are widely 
different from the circular form represented by the isobars 
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snd do not even spproximate to the spiral motibn generally 
assumed under such circumstances to represent the course of 
the air supplying the storm. 

The relation of the trajectories to the moving center of the 
storm may be most easily considered by reference to the par- 
ticle which moves parallel to the path and always occupies a 
position on the diagram immediately under the instantaneous 
center. The trajectories represented in fig. 1 are those of 
particles which will for one instant form a series of points, Y, 
on a circular isobar when the storm center.reaches the appro- 
priate position, also denoted by Y. Their motion will then be 
tangential to the circle. The simultaneous i t i  itid positions of 
these particles and the corresponding position of the storm 
center are denoted by X and the final positions of the same 
particles on the diagram are denoted by Z, the corresponding 
position of the storm center being also marked with the same 
letter. Supposing that these lines represent the trajectories 
of air in a real storm, and, further, for the sake of clearness, 
that the storm center travels from west to east, i t  is evident 
that the following conclusions may be drawn: 

1. The more central area will be fed by wind with directions 
from south-southwest to west, passing to a region in front of 
the storm center. 

2. When the storm center has passed, corresponding wiiicls 
will blow out from behind the center with directions from 
west to north-northwest. 

3. The winds from the remaining directions will be compara- 
tively transient in any locality, as the changes take place with 
great rapidity. These winds are represented by the loops of 
the curve. 

4. No air is taken into the storm area from the northern side 
of the path. 

5. There is a great convergence of winds behind the center 
to the two points in the line of the trough ” of the storm. 
This convergence is associated with corresponding divergence 
in front of the trough and apparent crossing of the trajecto- 
ries at the trough itself. 

It is to these Characteristics that we must look in deciding 
whether this ideal state of things represents the circumstances 
of any actual storm. For this purpose it is necessary to con- 

’ struct the actual trajectories of air from weather maps for a 
real storm. Generally speaking, weather maps are only drawn 
for such widely separated intervals that there is not enough 
information for the construction of the trajectories. If, how- 
ever, the records from a sufficient number of automatic instru- 
ments are available intermediate maps cnu be drawn. This 
has been clone in the Meteorological Oflice for every thircl hour 
during the passage of the storm of February 26-27, 1903. 

/o 

FIG. 3.-Trajectorirs of air in the storm of Felbruary 26-27, 1903, derived 
Those parts which are added 1~y extrapolation 

Path of reutei, - - - - - - - - - 
Q,. Trajri.tci- 

R, Trajectories of  air approxi- 
C, Points of roiirrrgeiicr 

from records of wind. 
from isobaric distribution are dotted. 
P, Trajectories of  air passing to the front o f  the center. 
ries of air leaving the rear of  the storm. 
iuatrly parallel to the path o f  the center. 
and divergence on the trajecturies parallel tv the path. 

The trajectories constructed from the recorded directions 
and velocities of the wind bear such a relation to the path of 
the center that thP applicability of the kinematical reasoning 
here employed is quite unmistakeable. The material is of 
course not perfectly complete, but so far as i t  extendB each of 
the characteristics enumerated above is represented with a 
fidelity quite unusual in the application of theoretical reason- 
ing to  the course of weather changes. A reproduction of 
some of the trajectories and of the path of the storm to the 
scale of the map is given in fig. 2. It will be seen that there 
is a strong general resemblance between the shapes of the 
curves in the two figures, the divergences are such as may be 
accounted for by supposing that the storin center was travel- 
ing rather more slosvly than the wind. Iu comparing the two 
diagrams i t  is the shapes of the curves that should be regarded 
and not their actual position in the figure. The trajectories 
for the storm are taken from a series constructed by Mr. Lemp- 
fert from maps clrawn by Mr. Brodie, of the Meteorological 
Ofice, and represent the paths of air producing conspicuous 
gales a t  various stations. Under the conditions of the ques- 
tion any one may be transferred parallel to itself along the 
line of the paths without serious modification, if required, to 
represent the path of the air reaching a particular point at a 
specified time, as in fig. 1. The points of resemblance to which 
attention should be directed are (1) the flow of air toward the 
front of the storm center, represented by the trajectories PP 
(fig. 2), from the directions within the quadrant 8. to W. 
of the hypothetical case. As a matter of fact the storm in 
question traveled from southwest to northeast, roughly speak- 
ing, so that the specification of direction of wind requires ad- 
justing when comparison is macle with the hypothetical case. 
(2) The blowing out of air from behind the center, represented 
by the trajectories QQ. (3) The course of the trajectories RR, 
nearly parallel to the path, but converging slightly toward it 
as the wind gained upon the center. It is not necessary to 
suppose that the air nioving along the P trajectories is identi- 
cally the same as that moving along the Q trajectories; the 
former may rise in front of the center and be replaced by air 
which sinks behind it. (4) The convergence to points near 
CC, which are near the line of the trough at  7 3 0  a. m. and 9 
a. m., respectively. 

This convergence with its associated divergence in front of 
the trough raises an interesting meteorological question. It 
can only be accounted for by bringing the thircl dimension 
into considerntion and supposing that the air rises when con- 
vergence takes place ancl descends from above when there is 
divergence. This would mean that the wiiicl in front of the 
trough was supplied from the upper air while the motion be- 
hind the trough is in an upward direction. The latter must 
be associated with the production of rain. I n  this particular 
the agreement between the hypothetical and real trajectories 
is so close that the inferences to be drawn from it offer a 
proinising field for inquiry into the physical changes associ- 
ated with such storms. Into the investigation of these changes 
I do not propose to enter here. The primary conclusion I 
wish to draw is that the kineniatical conditions represented by 
the hypotheses leading up to the equation 

are suficiently near to reality in some cases to identify a par- 
ticular form of traveling storm. 

Probably in nature three types of circular storms repre- 
sented by a similar distribution of isobars about the center 
may be recognized. 

Type A. A stationary storm with spiral trajectories in which 
air is drawn from a11 sides. Type B. A storm traveling with 
a velocity approximating to that of the wind, as described 
above, in which air blows into the front of the storm ancl blows 
out from behind it. Type C. A storm moving comparatively 

(a - y) (2a + y)’ = 9 a 2  

They are the following: 
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slowly and therefore intermediate between types A and B. 
Some important physical and aeteorological significance 

must be attached to the indraft of air to points in front of the 
center and not to the center itself. The trajectories repre- 
senting the inflowing air may be continued, in the particular 
case referred to, for distances beyond the region of circular 

rents are not primarily clue to the previous existence of a cen- 
ter of disturbance, but to some more dominant cause which 
directs their trajectories to points successively approached by 
the center of circulation. It may be noticed that tlie direc- 
tion of motion of the center with regard to the motion of t>liehe 
dominant winds stands in the relation of west to southwest or 
of southwest to south, and possibly the inblowing wind may 
be the determining cause of the inotion of the lmronietric 
minimum. 

The details of the storni of February %-27, 1903, for which 
the trajectories were tlrawn are given in a paper reail before 
the Royal Meteorological Society on June 17, 1908. 

isobars, and it would therefore appear that  these stron, 0 car- 

THE METEOROLOGICAL WORK OF THE EXPEDITION 
TO THE BAHAMAS.’ 

I<y Ilr. 0 I,. 1‘:3>siy, hectiam Ilirretoi 

Leaving Baltimore June 1 on the two-masted schooner 
W. H. I l a i i  Ntrntt., with the scientific expedition sent, out under 
the auspices of the Bidtinlore Geographical Society, I arrived 
at Nassau, Bahama Islands, on Julie 17. Storins, calins, anil 
head winds niarliecl the entire voyage outward, inaking i t  dif- 
ficult to secure reliable instrunieiital records of the went8her 
and temperature o f  the water. However. soine interesting re- 
sults were obtained which will be discussed in a selmrate 
report. Arriving a t  Nassau. a thermograph, barograph, hy- 
drograph, and pluviograph were installed a t  the cable ofice 
by the courtesy of Mr. P. H. Burns, superinteudent o f  the 
Bahamas cable. Mr. Burns also kindly attended to these self- 
recording instruments clnring niy aliseuce fro111 Nassau, enab- 
ling me to obtain continuous records of the temperature, pres- 
sure, humidity, and time of occurrence of rain for a period of 
about thirty clays. from June 90 to July 20 .  F P C ~  the colo- 
nial records I liad co1)iecl tlie iiioiithly and annual mean values 
of meteorological observations for a period of five years. 

During m y  short stay of two weeks a t  Nassau I succeeded 
in obtaining some interesting records of temperature, pressure, 
and humidity of the upper atmosphere l ~ p  menus of the Weather 
Bureau kite eq~iil~iiient, which I hope will also prove to be of 
some value in defining the vertical rate of cliange in atmos- 
pheric conditions in these latitucles. Light winds are the rule 
in the islands during the suininer iiiontlis, and it was  only on a 
few occasions that favorable opportunities were presented for 
flying kites. However, five ascents were made to elevntions 
varying froiii 3500 to approximately 8000 feet. The highest 
elevation was attained by the use of a launch. Steaming into 
the wind we were enabled to obtain a somewhnt increased 
wind velocity. Apparently the wind velocity decreases rapicllg 
after nn elevation of 5000 to GOO0 feet, i t  being diEcult to cle- 
tect any motion in the clouds above the lower cumulus layer. 
The results will be discussed a t  the earliest opportunity. 

On the return trip, which was macle under more faVOralJk 
conditions than the outward voyage, an interesting series of 
observations of water temperatures was macle from Nassau to 
Baltimore. While passing through the Gulf Stremi the tem- 
perature of the water was noted every half hour or oftener. 
Good records were also obtained by means of the thermograph, 
barograph, and hyclrograph. 

I n  addition to the nieteorological duties noted above, a 111ng- 

Under (late of Augurt  1, Dr. 0. L. FaA:: relioi’ts hi+ rrtnru to Bnlti- 
more from the Ballamti Islanil, ani1 gi\ t’< soiur hlea o f  t h e  wcirli aim)tu- 
plished. 

-~ ~ ~~~ -~ 

netic surve; of the islands was made. Declination, dip, and 
relative intensity were measured on the islancls of New Provi- 
dence, Hog, Watlings, Long, and Abaco. Observations made 
in past years in these islands included only the element of 
declination. A self-registering tide gage was also installed 
by me. The magnetic instruments and tide gage are the 
property of the United States Coast tind Geodetic Survey. 

The generous cooperation of the Weather Bureau with the 
Baltimore Geographical Society has been greatly appreciated 
by the director of t he  expedition, and due acknowledgments 
will be niacle in the oficial publications of the results of the 
exliedition. 

CLIMATOLOGY OF COSTA RICA. 
Communicated by Mr H. PITTIER, Director, PIiy4ir81 Geographic Institute. 

[For tables see the laqt page of this REVIEW prrreding the charts.] 

Notrs o ) ~  tlw rwnfhw.-On the Pacific slope the rain was un- 
c~iin~iionly scarce, the month showing regular alternations of 
short periotls of two, three, and four (lays of clrought, sepa- 
rated by others of one nncl two days nit11 nioclerate rainfall. 
On the 35th the rain began falling daily and the 38th, !29th, 
mil 31st mere iiiarlied liy heavy showers. I n  San Josh, pres- 
sure and temperature mere about norinal, and the relative 
liniiiiclity a little less than tlie mean. Sunshine, 144 hours 
against a noriual of 11% On the Atlantic slope also there was 
a warcity of rain, excepting at, a few stations :It the foot of the 
Conlillera and at, Turria1l)a and Paraiso in the Reventagon 
Valley, where the fall showed an excess. On July 10 a cyclone 
crossed the plains of Sta. Clara in :in E-TV direction, causing 
iiiuch dauiage to the l m ~ a n n  plantations. 

,V)/+.s o)J r,n,.f7,/1/~/~Xr,s.-J~ily 23, 7” 20’” a. in., slight shock 
NW-SE, intensity 11, duration 3 seconds. 

____ ~~ 

OBSERVATIONS OF SOLAR RADIATION WITH THE 
ANGSTROM PYRHELIOMETER AT ASHEVILLE 

AND BLACK MOUNTAIN. N. C. 
Ry hlr. A. H. K I M B ~ I L ,  Awibtant Editor. Momthly \Vt,athrr RI \ iew,  dated July,  1903. 

The A n g s t r h  coinpensatin:: pyrhelioineter, No. 28, used by 
Davis and Pierce’ a t  Providence, R. I., from November, 1901, 
to September, 1902, was installed by iiie a t  Asheville, N. C., on 
Noveniber S, 1902. in accordance with instructions received 
froiii the C,hief of Weather Bureau. The point selected for its 
exposure nas on the lawn just south of the Ravenscroft Hotel, 
near the crest of a ridge running north and south, with n slight 
clip to the south. The business pnrticin of the town lay t,o the 
north and east. and as soft coal was aliiiost the only fuel used 
the sinoke :it times became quite dense. particularly with light 
iiortherly winds. 

The arrangement of circuits was as clescrilwcl 1)p Professor 

Vol. S S I S ,  1). 45ti. At first the galvnnoineter TI-as suspended 
froni the south side of the trunk of a large and nearly braiich- 
less locust tree, instead of  from the tripod, as shown in fig. 1. 
Here ail unolmtructed view of the sun was had from the time 
i t  appeared above Beaumont Mountain, nllout n mile distant, 
soiiie fifteen minutes after the time of true sunrise, until it set 
behind mountains nearly 30 miles (listant, the tops of which 
were only one or two degrees above the true horizon. Winds 
above 20 miles per hour caused such annoying oscillations in 
the gnlvniiometer that on December 32 i t  was moved to a post 
a t  the southeast corner of the hotel porch, where i t  was well 
protected from the 1)remiliiig northwest wiiids; bu t  a t  noon 
anil again nt 4 11. UL. the tripod support of the pyrheliometer 
hail to 1)e nioved a few feet to avoid the shadow of sliade trees. 

C)n December 2, a Pickering polarimeter * loaned by Prof. E. 
’ Ser Monthly Wrntlirr Review for Juiir. 1903. 1’. 275. 

Ftir a tlescrilition of this instrllltient bet? Pn~c.. Amer. Acacl. of Arts 

JIarVill in the RIONTHLT ~ ~ E 4 T H E R  REVIEW for October, 1901. 

and Sc-i. N. S. Vitl. SIII. Pp. 2943(P2. 


